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Notations
A Section Area of Sheathing mm2
Apk Section Area of Joist, mm?2
Air Section Area of Stringer, mm2
b; Width of Sheathing, mm
E; Elastic Modulus of Sheathing, MPa
febk Bending Strength of Joist, MPa
for Bending Strength of Sheathing, MPa
frpk Shear Strength of Joist, MPa
fra Shear Strength of Sheathing, MPa
Ipk Moment of Inertia of Joist, mm4
I Moment of Inertia of Sheathing, mm4
Spk Section Modulus of Joist, mm3
S Section Modulus of Sheathing, mm?
R Concrete Placement Speed, m/hr
T Concrete’s Temperature, °C
p Dead and Live Load Pressure on Formwork, MPa
Pmax Maximum Hydrostatic Concrete Pressure, MPa
Pd Total Pressure on Shores, MPa
Elx Rigidity
Geoncrete | Concrete Dead Load, kN/m2
Gformwork | Formwork Dead Load, kN/m2
Ye Unit Weight of Concrete
N, Shore Axial Compression Load Capacity or Connection Member Tension Load Capacity,
kN
Lpk Spacing of Joists, cm
Lix Spacing of Stringers, cm

ProtaStructure® ProtaSteel ProtaDetails’
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Spacing of Shores, cm

Wind Pressure, kN/m?2
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Introduction

ProtaStructure provides calculations and calculation reports of wooden and metal formwork and
formwork scaffolds as per, the code “Bina insaatlarinda Kullanilacak Ahsap ve Metal Esasli Kaliplarin ve
Tastyicl Kalip iskelelerinin Tasarim, Hesap ve Yapim Esaslar” established by the Ministry of
Environment and Urbanization in the Official Gazette dated 06 November 2020 and numbered 31296.
In this document, the formwork and formwork scaffold calculations are explained in case studies.

Slab Formwork Design

Slab Properties

Plan view of slab D101, which will be used in the case study, can be seen below.
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Figure 1: Slab Plan View
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Sheathing Properties

Sheating properties are taken from the TS_EN_12369 code. Sheating properties can be accessed from
Building Analysis/Edit Materials section of ProtaStructure 2022. Also, member material properties can
be edited manually. F20-E50/E40(T) is selected for this case.

Karakteristik mukavemet degerleri (N/mm?
veya MPa)
Yizey lif yoni®
Simif* 0 ve 90 0 90
Egilme Cekme ve basing
f m, 05 f1- -¢,05

F3 3 1,2 1.5

Fb 5 2 2,5

F 10 10 4 5

F 15 15 ] 7.5

F 20 20 B 10

F 25 25 10 12,5

F 30 30 12 15

F 40 40 16 20

F 50 50 20 25

F 60 60 24 30

F70 70 28 35

F 80 B0 32 40

a Sinif, liflere paralel (0) ve liflere dik{90) her iki y&n icin tarif edilir.
Mukavemet icin F siniflan, EN 636'da tanimlanmisgtir.

Figure 2: Characteristic Strength Values

Default Materials Concrete Beams c20/25 Grade 450 MPa A
Foundation Floor
Slabs C20/25 Grade 450 MPa
Rib C20/25 Grade 450 MPa
Links Grade 250 MPa
Steel Columns 5355
Steel Beams 5355
Truss Members 5235
Purlin Members 5235
Girt Members 5235
Brace Members 5275
Frame Members 5355
4 Formwork
Timber Frame Members c24Mm
Steel Frame Members 5235
at:{?n,;l_hving Different +1x Sheathing F20-E50/E40(T) | =
« oK K cancel

Figure 3: PS 2022 Material Selection Window View-1

ProtaStructure” ProtaSteel ProtaDetails’ ProtaBIM’
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Timber
c14m) General
C18(n) Material Name :  F20-E50/E40(T)
E;ggg Material Color I 35, 58, 254 v
c22(m) Mechanical Properties
Ei;g-g Modulus of Elasticity 3350.0 Nfmm2
€30(n) Modulus of Elasticity 90° 2680.0 Nfmm2
Eiggg Shear Modulus ¢ 400.0 Nfmm2
Egggg Thermal Expansion Coeff. ©0.00004000 (1/5C)
D18(T) Unit Weight ¢ 4.527 kN/m3
g;;gg Mean Unit Weight 5.500 kN/m3
D35(T) Design Parameters
g‘s‘ggg Bending Strength 20.00 Njmm2
D60(T) Tensile Strength ¢ 8.00 N/mm2
I”E'i%%%ﬁ"/&"%"ﬁmm"’l Tensile Strength 90° 10.00 Nfmm2
[ F40/30€60/50(T) | Compressive Strength : 8.00 Njmm2
E;gi:gigg;:gg Compressive Strength 90° 10.00 Njmm2
Shear Strength 5.00 N/mm2
¥ || X
Apply to all members of this material dass in this storey oK #® cancel
Figure 4: PS 2022 Material Selection Window View-2
Sectional properties of sheating are calculated as follows.
1. Material = Plywood
2. Thickness =t = 18 mm
3, b, = 1000 mm cl.1.3.3(a)
4, A; = 18 x 1000 = 18000 mm*
5. E; = 3350 N/mm?
6. fo = 20 MPa
7. fkl =5 MPa
1 1
8. I = o b, t3 = X 1000 x 183 = 486000 mm*
I 486000
9. Sl =Tl=T= 54000 mm3
2 2
10. Gk =2
ProtaStructure’ ProtaSteel’  ProtaDetails’ ProtaBIM’
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Joist Properties

Joist properties and calculations of joist sectional properties are given below. Joist properties are
taken from EN 338 and TS EN 13377 specifications. In this document C24(T) is used. Joist properties
can be reached from Building Analysis/Edit Materials in ProtaStructure 2022.

[ [ softwood species | Harowood sy

pecies
|014lcmlcmlczaIczzlczalczvlcsolc:s|cm|cas|cso|msln'ulotm]mslmnlosalosa'mo

Strength properties (in N/mm®)

Bending fur | 18 | 16 [ 18 | 20 [ 22 | 24 [ 27 [ 30 |35 [ 40| as | 50| 18|20 |30 [35]a0[50]6| 7

Tension parallel fus | 8 [0 11 [ 12 ] 13 [ 1a] 16| 18|20 |28 | 27|30 11| 1af18]2 [20]3[3]| 4

Tension perpendicular funs | 04 [ 04| 04| 0a] 04| 0s]|04]04[0a]04[0a]0s06]|06|06]|06]|06]|06]0s]| 06

Compression parallel Jon | 16 | 17 [ 18 | 19 | 20 | 21 | 22 | 23 [ 25 | 26 [ 27 | 29 [ 18| 21 | 23 [ 25 | 26 [ 20 | 32 | 34

Compression perpendicular | fems | 20 | 22 [ 22 | 23 [ 24 | 25 [ 26 | 27 | 28 | 29 [ 31 | 32 [ 75| 7.8 | 80 [ 81 | 83 [ 93 | 105 135
Shear s | 30|32 34| 36]38[40]40]40|40]40|40]40]|34]40]40]a0]|40]as0][as] 50

Stiffness ies (in kN/mm?)

Mean modulus Eomen | 7| 8 | 9 |05 [ 10| 11 [1s] 2] 13| 141516 |0os| 101 [12]13]1a]17] 2

of elasticity parallel

5 % modulus of B | 47 | 54 [ 60|64 |67 | 74|77 | 80|87 )94 [100|107[ 8 |85]|092[101]109118]143[ 168
elasticity paralel

Mean modulus Exmen | 023 | 027 [ 0,30 | 032 | 033 | 037 | 0,38 [ 0.40 | 0.43 [ 0.47 | 0.50 [ 0553 | 0.63 [ 0,67 | 0.73 | 080 | 0.86 | 0,93 | 113 | 133
of elasticity perpendicular

Mean shear modulus Gre | 044 | 05 | 056 | 059 | 0.63 | 069 | 0.72 [ 075 | 0.81 [ 088 | 0,94 [ 1,00 | 0,59 [ 062 | 069 | 0.75 | 0.81 [ 088 | 1.06 | 125
Density (in ka/m*)

Density o | 200 | 310 [ 320 | 330 [ 340 | 350 [ 370 [ 380 | 400 [ 420 | 440 [ 460 | 475 [ 4ss | s30 620 | 700 | 900
Mean density poeen | 350 | 370 | 380 [ 300 | 410 | 420 460 | 480 | 500 | 520 570 | 580 | 640 650 | 750 | 840 | 1080

NOTE1  Values given above for tension strength, compression strength, shear strength, 5% modulus of elasticity, mean modulus of elasticity
perpendicular to grain and mean shear modulus, have been calculated using the equations given in Annex A. .

NOTE2  The tabulated properties are compatible with timber at a moisture content consistent with a temperature of 20 'C and a relative humidity of
65%

NOTE3  Timber conforming to classes C45 and C50 may not be readily available.

NOTE4  Characteristic values for shear strength are given for timber without fissures, according to EN 408. The effect of fissures should be covered in

design codes.
Figure 5: Formwork Material Characteristic Properties
“ Material X
Default Materials Concrete Beams c2s 5420 A
Foundation Floor
Slabs c25 $420
Rib c2s 5420
Links S420
Steel Columns 5355
Steel Beams §355
Truss Members 5355
Purlin Members 5355
Girt Members 5355
Brace Members 5355
Frame Members 5235
4 Formwork
Timber Frame Members @
Steel Frame Members 5235
Stote[ Having Different *|x Sheathing E20-E50/E40
Material hi
K cancel
Z

Figure 6:PS 2022 Material Selection Window View-1

ProtaStructure” ProtaSteel ProtaDetails’ ProtaBIM"
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Timber (1200x80x24)

Database Project General Properties
Timber v Section Name: X2 Material Color 250, 240, 2... | v
Edit Section Label
81
H 20.00 cm
B1 8.00 cm
H1 4.00 cm o
Bw 2.40am
B2 8.00 cm
H2 4.00 cm
R1 0.00 cm
R2 0.00cm | A
> Hide Labels
Section Angle: d
Mirror About:
Materials
Formwork Default’

Reset to Defaults

v oK X Cancel

Figure 7: PS 2022 Material Selection Window View-2

Page-11

10.

11.

12.

Material = H20 Timber (C24)
B(1,2) = 80 mm

H(1,2) =40 mm

Bw = 24 mm

H =200 mm

Apr = 2% 80 x40+ 24 x (200 — 40 x 2) = 9280 mm?

fkbk =4 MPa
febk = 24 MPa
Ep = 7400 N/mm?

Ibk = 45270000 mm4

Ipe _ 45270000

Sy = 2k = 25270990 _ 452700 mm?
2 2
Gk =2

ProtaStructure® ProtaSteel’ ProtaDetails’

ProtaBIM"
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Stringer Properties

Stringer properties and calculations of stringer sectional properties are given below. Stringer
properties are taken from EN 338 and TS EN 13377 specifications. In this document C24(T) is used.
Stringer properties can be reached from Building Analysis/Edit Materials in ProtaStructure 2022.
Stringer properties are taken as the same as the joist properties.

1. Material = H20 Timber (C24)

2. B(1,2) = 80 mm

3. H(1,2) =40 mm

4. Bw = 24mm

5. H =200 mm

6. Ay = 2x80 %40+ 24X (200 — 40 x 2) = 9280 mm?

7. frik = 4 MPa

8. feik = 24 MPa

9. E;, = 7400 N/mm?

10. I;; = 45270000 mm*

11, Sy =8 = 25 = 452700 mm?
2 2

12. Gk =2

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Shore Properties

Properties of telescopic props are given below.

AYARLANARBILIR DiIKME TASIMA KAPASITELERI

Page - 13

TELESCOPIC PROP DESING LOADS
Yukseklik Yiik Kapasitesi Yik Kapasitesi Yiik Kapasitesi Yik Kapasitesi
Height Load Load Load Load
(cm) (Kg) (Kg) (Kg) (Kg)
450 875
440 925
430 950
420 1000
410 1050
400 1100 1100
3%0 1175 1175
380 1225 1225
370 1300 1300
380 1350 1350
350 1450 1450 1450
340 1550 1550 1550
330 1650 1650 1650
320 1750 1750 1750
310 > 1850 1850 1850
300 2000 2000 2000 2000
290 2000 2000 2000 2000
280 2000 2000 2000 2000
270 2000 2000 2000 2000
260 2000 2000 2000
250 2000 2000 2000
240 2000 2000 2000
230 2000 2000 2000
220 2000 2000
210 2000 2000
200 2000
190 2000
180 2000
170
160
150
140
130
120
110
100
90
80
70
o 300 mt. <> 350 mt. << > 400 mt. > B0mt.
7 in - Lmin - Li Lmin - L Lmin - Lmax
0 ';"7‘:""3 o;"zfr"‘ 2?(',?350":: 225.400 em 250-450 cm
10
Figure 8: Telescopic Prop Design Loads
Load Calculations
Load calculations can be seen below.
1. Ye = 25kN / m3
2. Concrete Class = C30
3. Slab Thickness = 180 mm
180 2 2
4. Geoncrete = 25 X To00 = 4.5 kN/m* = 0.0045 N/mm
5 Grormwork = 0.0004 N / mm? (Assumption.)
_ _ 2
6. G = Grormwork T Geoncrete = 0.0049 N / mm
7. Q = 0.0025 N / mm? cl.1.2.1
8. Successive Shore Number =n =2
9. p=G+Q =0.0074N / m?
10. Pa =nG+ Q =2 x0.0049 + 0.0025 = 0.0123 N/m2
ProtaStructure” ProtaSteel ProtaDetails ProtaBIM’
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Joist Spacing Calculations

Joist spacing and the number of joists are calculated below.

o fel St sEr D fri A
1. Ly = mm( 3.16 T 0.835 i T, GK)

2. 3.16 /M — 853.62 mm
0.0074%x1000%2
3, 0.835 3/w = 504.08 mm
0.0074x1000

5X18000

4. = 6756.75 mm
0.9%0.0074X1000X2

5. min(853.62, 504.08, 6756.75) = 504.08 mm

6. Number of Joists (n) = 11

7. Corner Gap (1.orner)=0mm

8. Effective Surface Length (1)=4750 mm
9. Effective Surface Width (b)=80 mm

1-2 leorner—b _ 4750—80

=467 mm
n—-1 11-1

10. Provided Spacing (lpk provideda)=

11. beye 2 lapmpenmien 7

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Stringer Spacing Calculations

Stringer spacing and number of stringers are calculated as below.

15

— i febk Shk 3 |Epk Ik frbk Abk
1. Ly = mm( 3.16 ’p—Lbk oK’ 0.835 / oLy, 09D Loy GK)
’ 24x452700
3 ,7400><45270000

4. o.9xoj)>(<)‘;ii(;67xz = 5967.42 mm

5. Min(3961.94, 3835.75, 5967.42) = 3835.75 mm

6. Number of Stringers (n) = 3

7. Corner Gap (1;orner) = 0 mm

8. Effective Surface Length (1) =4750 mm

9. Effective Surface Width (b) = 80mm

10. Provided Spacing (Lig provided) = 2 l;"_rq"_b = 47?:80 =2335mm
11. lix 2 Lkprovided ¥

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Shore Spacing Calculations

Shore spacing and the number of shores are calculated as below.

16

[EEN

L :mll‘l(316 feiksik 08353 Eiklik fkikAik Nd )
d ’ PalikGK ' PaLik ' 0.9pag Lig GK * 1.1 pg Lix GK

2. Ny = 27200 N (Assumption.)
3, 3.16 /M = 137431 mm
0.0123X2335%2
4. 0.835 3/M = 1893.66 mm
0.0123%2335

5, 2x9280 = 718.03 mm
0.9%0.0123%x2335%2
6. 27200 = 430.48 mm

1.1x0.0123x2335%2

7. Min(1374.31, 1893.66, 718.03, 430.48) = 430.48 mm
8. Number of Shores (n) = 11

9. Corner Gap (1.orner) = 0.0 mm

10. Effective Surface Length (1) = 4750 mm

) . 1-21 4750
11. Provided Spacing (14 provideda) = ni"lr”er =11 = 396 mm

12. lqg = ld,provided v

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Beam Formwork Design

Beam Properties

Plan view and properties of beam K110, which will be used in the case study can be seen below.

S1 (500/300)

K102 250/500

500

Figure 9: Beam Plan View
Sheating, joist, and stringer properties will be the same as the ones given in the slab formwork design

part.

Load Calculations

Load calculations can be seen below.

1. Y. =25kN/m?3

2. Beam Height = 500 mm

25
= Geoncrete = 1000000 %X 500 = 0.0125 N/mmz

4. Grormwork = 0.0004 N / mm? (Assumption.)

5 Q = 0.0025 N / mm? cl1.2.1
6. p=G+Q =0.0129 + 0.0025 = 0.0154 N / mm?

7. Successive Shore Number =n = 2

8. pg=nG+Q=2x0.0129 + 0.0025 = 0.0283 N / mm?

ProtaStructure® ProtaSteel’ ProtaDetails’ ProtaBIM’
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Joist Spacing Calculations for the Side Surface

It is assumed that joists will be placed perpendicular to the beam axis. Therefore, b; will be used as
beam height in the calculation of the beam side formwork panels.

M < T TT
I EET | - 11 I
stringer I — Stringer I I
- B = I I
f= = I b
Joist N | o I Il
i | Stringer I 1 I |
N | I (.
I |
I |
I |
I I
]
'

Figure 10: Typical Formwork

o felSI 3Bl friAr
1. Ly = mm( 316 p b GK ’ OREEL p b '0-9PblGK>

2. 3.16 /M = 836.83 mm
0.0154%x500%2

3, 0.835 3/M — 497.45 mm
0.0154%500

5X18000
4. ————————— = 6493.5 mm
0.9X0.0154X500x2

5. min(836.83, 497.45, 6493.5) = 497.45 mm

6. Number of Joists (n) = 11

7. Corner Gap (l.orner) =0 mm

8. Effective Surface Length (1) =4625 mm

9. Effective Surface Width (b)=80 mm

10. Provided Spacing (Ipk provided ):l_b_i_lcl"mer = 461215__180 = 454.5mm
11. =

ProtaStructure® ProtaSteel’ ProtaDetails’ ProtaBIM’
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Stringer Spacing Calculations for the Side Surface

Stringer spacing and number of stringers are calculated as below.

19

1 L. = min( 3.16 |LetkSbk (0 g35 3 [Ebklbk _Skbk Abk
. ik ' pLpkGK ' pLpx 09D Lpk GK
’ 24%4527000
3. 0.835 3/M =3031.67 mm
0.0154%x454.5

4X9280

4. = 2946.32mm
0.9X0.0154X454.5X2

5. Min(2783.91, 3021.67, 2946.31) = 2783.91 mm
6. Number of Stringers (n)= 1

7. Corner Gap (1.orner) =0.0 mm

8. Effective Surface Length (1)=500 mm

9. Provided Spacing (Lik providgea) =500mm

10. lik = likprovidzea ¥

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Connection Member Spacing Calculations for the Side Surface

Connection member spacing and the number of stringers are calculated below.

20

[EEN

L =m11’1(316 feiksik 0835 3 |Eik Lik fkikAik Ng )
b ' PalixGK ' PalLik ' 0.9pg Lix GK ' 1.1pg Lix GK

2. Ng = 22000 N (Assumption.)

3, 3.16 /m = 2654.22 mm
0.0154Xx500%2
4. 0.835 3/M — 2936.77 mm
0.0154%500

5. #9280 _ 9567821 mm
0.9X0.0154%X500%2
6. 22000 _ 19987 mm

1.1X0.0154x500%2

7. Min(2654.22, 2936.77, 2678.21, 1298.7) = 1298.7 mm
8. Number of Connection Members(n) =5

9. Corner Gap (1.orner) = 0.0 mm

10. Effective Surface Length (1) = 4625 mm

11. Provided Spacing (I providea) = l_zic_"lm" = ‘;6_215 = 1156.3 mm

12. I, = lb,provided v

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’



S PRoTA pege 21

Joist Spacing Calculations for the Base

It is assumed that joists will be placed perpendicular to the beam axis. Therefore, b; will be used as
beam width in the calculation of the beam base formwork panels.

\'pblGK pb; 09pb;GK
2. 3.16 /M = 1183.46 mm
0.0154%250%2
3, 0.835 S/M = 626.74 mm
0.0154%250

5X18000

4. T ox00T5axz50%z = 12987 mm

5. min(1183.46, 626.74, 12987) = 626.74 mm

6. Number of Joists (n)=9

7. Corner Gap (l;orner) =0 mm

8. Effective Surface Length (1) =4625 mm

9. Effective Surface Width (b) = 80 mm

10.  Provided Spacing (Ipk providea) = l_b_s_lcl"m” = 462:80 = 568.125 mm

11. Uit 2 U srontoss

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Stringer Spacing Calculations for the Base

Stringer spacing and number of stringers are calculated as below.

Page - 22

1. Ly = mm 3 16 ’febksbk 0.835 ° ’Ebk Ipk  fkbk Abk
D Lpk GK'’ P Lpk ngLbk GK

2. 3.16\/M = 2490 mm

0.0154x568.125%2

3 f 7400x4527000
. 15200 = 2357 mm

0.9%0.0154X568.125X2
5. Min(2490, 2814.35, 2357) = 2357 mm
6. Number of Stringers (n) =2
7. Corner Gap (1.orner)=0.0mm
8. Effective Surface Length (1) =250 mm
9. Effective Surface Width (b) =80 mm
10.  Provided Spacing (lix provided ):l_b_i_lcl‘”"" = 2520__180 =170 mm
11, lix = ligprovidea ¥
ProtaStructure®  ProtaSteel ProtaDetails’ ProtaBIM'
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Shore Spacing Calculations

Shore spacing and the number of shores are calculated below.

23

1 s = i (4_5 feit Sk 3 [Eik T 22 [iik A 18 Na )
Pd Lik GK Pd Lik * PaLik GK "pgLix GK

2. N; = 27200 N (Assumption.)
3, 4.5 /M = 4781.79 mm

0.0283%x170x%2
n 3\/7400><45270000 — 4114.04 mm

0.0283%x170
5, _2:2X9280%% _ 8487.21 mm

0.0283%x170X%2

6. _L8X27200 _ _ 5088.33 mm

0.0283X170%X2

7. Min(4781.9, 4114.04, 8487.21, 5088.33) = 4114.04 mm
8. Number of Shores (n)=_2
9. Corner Gap (1.orner)=0.0mm

10. Effective Surface Length (1)=4625mm

l-b-21 4625
corner — — 1542 mm
n+1 2+1

11. Provided Spacing (L provided)=

12. lg = ld,provided v

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Column Formwork Design

Column Properties

§1(500/300)

K102

:

Sheating, joist, and stringer properties will be the same as the ones given in the slab formwork design
part. The calculations will be done using the properties of the S1 column.

Figure 11: Plan View of the Column

Load Calculations

Load calculations can be seen below.

Concrete Hydrostatic Pressure Calculation:

Pmaks W}é

b o

Figure 12:Concrete Hydrostatic Load Diagram

Pmaks

ProtaStructure® ProtaSteel’ ProtaDetails’ ProtaBIM’
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1. Concrete Class = C30
2. T =20°
3. Total Pouring Time = 1.5 hr
3
4, R =—=2m/hr
1.5
5. Prax = 8.5 +% =85+ % =58.5 [kPa] = 0.0585 Mpa

Wind Load Calculation:

Wind load is calculated as per TS-498 Section 11 as follows.

Height (m) Velocity (m/s) Q (kN/m2) C
0 28 0.5
8 36 0.8
20 42 1.1 1.6
100 46 13
1. Column Top Elevation = 3m
2. Column Bottom Elevation = -1.1 m
3. Coefficient of Suction (Cf) =1.6
4. q = 0.5 kN /m?
5. W=CqH =16x0.5x0.5= 0.4kN/macting on 50 cm section.
6. Total Wind Load = 0.4 X 4.1 = 1.64 kN for the whole surface.
7. W=CqH =16x03x0.5= 0.24 kN/m acting on 30 cm section.
8. Total Wind Load = 0.24 X 4.1 = 0.984 kN for the whole surace.

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Joist Spacing Calculations

Joist spacing and the number of joists are calculated as below.

Page - 26

o fel St sEr; friA
1. Ly = m1n<3.16 > By G’ 0.835 5, VT, GK)

20%X54000
3. 0835 3/M = 253.04 mm
(0.0585x1000

5x18000
4. = 854.7 mm
0.9%0.0585X1000X2

5. Min(303.6, 253.04, 854.7) = 253.04 mm

Surface Number of Lpkprovidzea | bk
i IOiStS Lcorner (mm) / (mm) b (mm) (mm) > lbk.proyided
1 3 0 500 80 210 v
2 2 0 300 80 220 v
3 3 0 500 80 210 v
4 2 0 300 80 220 v

Stringer Spacing Calculations

Stringer spacing and number of stringers are calculated as below.

1 L., — min<3 16 |LevkSvk o @35 3 Ebk bk fikbk Abk
' ik ’ pLp GK '~ pLpr ’0.9p Lyy GK
f 24%45700
3. 0.835 3/w = 2513.28 mm
0.0585%210
4x9820

4. —————————— = 1678.65 mm
0.9%0.0585%210%2

5. Min(2101.33, 2513.28, 1678.65) = 1678.65 mm

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Surface Number of Likprovidzea | lix
Number Stringers Leomer (mm) iy & fesiss) (mm) 2 lig providea
1 4 0 4100 200 1300 v
4 0 4100 200 1300 v
4 0 4100 200 1300 v
4 0 4100 200 1300 4

Connection Member Spacing Calculations

Connection member spacing and the number of connection members are calculated below.

frik Aik Ng

. ik Si 3(Eix I; ik Ai
L, = min (3.16 /u 0.835 / te T , )
P Lix GK PLix 09pLjxGK "1.1pLj GK

N; = 22000 N (Assumption.)

3.16 /w = 844.56 mm
0.0585%x1300%2

7400x45270000 _
0.835°
©0.0585x1300

= 1368.78 mm

4X9280
0.9%0.0585X1300%2

=271.16 mm

22000

=131.49m
1.1X0.0585X1300X2

Min(844.56,1368.78,271.16,131.49) = 131.49 mm

Surface Number of L _ I
Connection | Leorner (1m) 1 (mm) b (mm) bprovided b
Number . (mm) = lb,provided
1 5 0 500 0 125 v
2 4 0 300 0 100 v
3 5 0 500 0 125 v
4 4 0 300 0 100 v
ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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Brace Calculations

Brace capacity calculations are presented in this section.

Page - 28

1 Nprace = 272000 N (Assumption.)
2. a= 45.00° (Assumption.)
3. N; = Nprgce COS(“) NHorizontal

Surface Number NHorizontal N, N =W
1 1 19233.304 4
2 1 19233.304 4
3 0 19233.304 v
4 0 19233.304 v

Note: For surfaces 3 and 4, there is a brace on the same axis but on a different surface. Total capacity
is equal to the total capacity of all braces on the same axis.

ProtaStructure’

ProtaSteel

ProtaDetails’
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Shearwall Formwork Design

Shearwall Properties

View and properties of shear wall P1, which will be used in the case study can be seen below.

P1 (52501250 <

Figure 13: Plan View of the Shearwall

Sheating, joist, and stringer properties will be the same as the ones given in the slab formwork design
part.

ProtaStructure” ProtaSteel ProtaDetails’ ProtaBIM"
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Load Calculations

Loads are calculated as follows.

Concrete Hydrostatic Pressure Calculation:

e
Pmaks wh >
w PN
= -~ . =
Y e

LS
M

Pmaks
T

Figure 14: Concrete Hydrostatic Load Diagram

1. Ye = 25 kN / m3

2. Concrete Class = C30

3. Concrete Pouring Temperature (T) = 20°

4, Total pouring Duration = 2 hr

5. Pouring Rate (R) = % =1.5m/hr

6. Pmaks = 8.5+ =85+ 2252 =46 [kPa]

ProtaStructure® ProtaSteel’ ProtaDetails’ ProtaBIM’
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Wind Load Calculations:

Wind load is calculated as per TS-498 Section 11 as follows.

31

Height(m) Velocity (m/s) Q (kN/m2) C
0 28 0.5
8 36 0.8
1.6
20 42 11
100 46 1.3
1. Shearwall Top Elevation = 3m
2. Shearwall Bottom Elevation = —1.1m
3. Coef ficient of Suction (C;) = 1.6

4. q=05kN/m?

5. W=CqH =16x0.5x5.25= 4.2 kN/m acting on 525 cm section.
6. Total Wind Load = 4.2 X 4.1 = 12.6 kN for the whole surface.

7. W=CqH =16x0.5x0.25= 0.2 kN/m acting on 25 cm section.
8. Total Wind Load = 0.2 X 4.1 = 0.82 kN for the whole surface.

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’



S PRoTA

Joist Spacing Calculations

Joist spacing and the number of joists are calculated as below.

Page - 32

fet S 0.835 ° Ei fri A
pb GK ' pb; '09pb; GK

2. 3.16 /M = 303.6 mm
0.0585%x1000%2

3, 0.835 3/w = 253.04 mm
0.0585%x1000

5x18000
4. = 854.7 mm
0.9%0.0585X1000X2

1. Lbk = mln( 3.16

5. Min(303.6, 253.04, 854.77) = 253.04 mm

Surface Number of Lykprovidea | lok
Number Joists Laomsar (L2212 i) O ferres) (mm) 2 lpkprovidea
1 22 0 5250 80 246 v
2 2 0 250 80 170 v
3 22 0 5250 80 246 v
4 2 0 250 80 170 v
ProtaStructure” ProtaStesl ProtaDetails’ ProtaBIM’
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Stringer Spacing Calculations
Stringer spacing and number of stringers are calculated as below.
1. Ly = min<3.16 ’febksbk . 0.835 3’Ebk Ipk ) fkbk Ak )
P Ly GK P Lpk 09p Lpk GK
2. 3.16 /m = 2335.5mm
0.0585X170%2
3 f74oo><4527oooo
4, X928 _ 9073.62 mm
0.9%0.0585X170X2
5. Min(2335.5, 2696.69, 2073.62) = 2073.62 mm
Surface Number of Lix providea Lix
Number Stringers Leorner (mm) i) & () (mm) 2 L provided
1 3 0 4100 100 2000 v
2 3 0 4100 100 2000 v
3 3 0 4100 100 2000 v
4 3 0 4100 100 2000 v
ProtaStructure” ProtaStesl ProtaDetails’ ProtaBIM’
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Connection Member Spacing Calculations

Connection member spacing and the number of connection members are calculated below.

1 L, = min (3.16 Jeik Sik () g35 3 [Eiklik _ Trik Aik Na )
' b ' pLixGK ' pLix '09pLixGK '1.1pLj GK

2. Ng = 22000 N (Assumption.)
3, 3.16 /Lsm" = 689.58 mm
0.0585%x1950x%2
4. 0.835 3/w = 1195.74 mm
0.0585%x1950

5. %9280 = 180.77 mm
0.9%X0.0585%x1950%2
6. 22000 — 87.66 mm

1.1X0.0585X1950%2

7. Min(689.58, 1195.74,180.77, 87.66) = 87.66 mm

Surface Number of L _ I
Connection | Lcorner (mm) [ (mm) b (mm) b.provided b
Number [ - (mm) 2 lp providea
1 61 0 5250 0 87.5 v
2 4 0 250 0 83.5 4
3 61 0 5250 0 87.5 4
4 4 0 250 0 83.5 v
ProtaStructure” ProtaStesl ProtaDetails’ ProtaBIM’
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Brace Calculations

Brace calculations are presented in this section.

Figure 15: Diagram of Braces Supporting Foundation

1 Nprace = 272000 N (Assumption.)

2. a= 45.00° (Assumption.)

5 N; = Nprace €05(@) Niorizontal

Surface Number NHorizontal N, N =W

1 1 19233.304 v
2 1 19233.304 v
3 0 19233.304 v
4 0 19233.304 v

Note: For surfaces 3 and 4, there is a brace on the same axis but on a different surface. Total capacity
is equal to the total capacity of all braces on the same axis.
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Creating 2B Formwork Drawings

Formwork detailed drawings can be drawn via ProtaDetails/Formwork section with the user-defined
preferences. In order to draw the detailed drawings, right-click on Formwork, which is located in the
Details window, and select Draw Formwork Details. Then, the formwork details will be drawn on the
specified point.

Details
Details | Drawings  Macros

13 Detail Drawing Manager
Export DWG/DXF

> i Form Plans

> B Column Application Plans

> {il Column Elevation Drawings

> i Shearwall Elevation Drawings

> = Storey Beam Elevation Drawings

v £ Formwork
> || {Column
> } Shearwall
> (7 Beam
> £7 Slab

Figure 16: ProtaDetails Structural Tree

gl

Figure 17: Column 2B Formwork Drawing

|
—

—=
—

Figure 18: Shearwall 2B Formwork Drawing

ProtaStructure” ProtaSteel ProtaDetails’ ProtaBIM"
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Figure 19: Beam 2B Formwork Drawing
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Figure 20: Slab 2B Formwork Drawing
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Creating 3B Formwork Model

Page - 38

3B Formwork model can be created from Views/3D Formwork Model. In the 3D Formwork model, the
user can filter certain elements and formworks from the 3D model by using the buttons on the ribbon.

Building Setout Modelling Loading Review Analysis

Design Drawings & Reports BIM Display Help 3D Formwork Model
8w W |
Reset Tile Horizontal Tile Vertical Smart Plan 3D Physicall 3D Formwork |3DRebar Analytical
Model Model Model Model ~
Window Create View
E- Building Setout Modeliing Loading Review Analysis Design Drawings & Reports BIM Display Views Help 3D Formwork Model
I Joist | Shore

A & g

Il Stringer  \ Brace
Column Wwall Beam Slab

Formworks

Figure 21: 3B Formwork Model PS2022 Ribbon Buttons

Storey: 1 (3D Formwork Model) X

¥ Reports
53 Detad Previews

GE: am , Anl: t-m , Disp: m

Figure 22: Formwork 3B Model
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Thank You...

Thank you for choosing the ProtaStructure Suite product family.
It is our top priority to make your experience excellent with our software technology solutions.

Should you have any technical support requests or questions, please do not hesitate to contact us at
all times through globalsupport@protasoftware.com and asiasupport@protasoftware.com

Our dedicated online support center together with our responsive technical support team is available
to help you get the most out of Prota’s technology solutions.

The Prota Team

ProtaStructure’
ProtaSteel
ProtaDetails’
ProtaBIM’
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